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FIELD OF THE INVENTION 

polyflnorinated catalysts. 

BACKGROUND OF THE INVENTION 
Modem asyn^tnc synthesis often calls for catalytic transfonnahons. Many 
i^discoverieamlhis^ 

optimal ^selectivity in a parties reaction. The analysis of stextc environments 
an,^ metal centers has traditionally dominated attests to explain and predict the 
outMin eof mctal-bascdcnantioselcctiveprocesse, 

elect^nicanydiversesub^entsohUgands. 

epo^on of unfenctianalizedolcfins. clec^c properties of substituents on duxal 

. i» ti.. i«w transition state leads t 
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jotenli; J " *ha nature of transition state. 
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W ^e»antiosele^^ 
a^hig^leveUofenanti^^^ 

^ration of fluorine atoms on chiral pbospbine Uganda in the asymmetric 
hyd rocyanation of olefins was documented.- The concept of Educed electee 
asymmctry allows one to increase the collectivity of rhodn^Wyzed 

of olefins.- Over the years, several edifications of the BINOL skeleton, 

a^ed at changing hspr^ 
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hydrogenated BINOL was used as a catalyst precursor in enanatioseleetive aliyMon of 
aldehyd^eoojugate addition of diethyW to cyclic enones, 3b and ring opening of 
epoxides. 3 * ^corporation of bromines into the 6 and <? positions of BINOL, rather remote 
fromtne catalytic site, was shown to increase the enantioselectivity of the corresponding 
titanium catalysts in glyoxolaie-ene reactions. 30 

SUMMARY OP THE INVENTION 
It is an object of the present invention to pro vide a method for designing 
asymmetric catalysts derived from pcrfluoroarene Uganda. 
Q The present invention provides a new generation of asymmetric poiyfluorinated 

| catalysts. Fluorination of aromatic groups on a series of Hgands drastically changes tfaen- 

properdesmcludingcanfigurationa] stability and catalytic activity. The fundamental 
is the nature of steric and electronic effects of aromatic fluorination on binaphthol-based 
catalysts. The basic premise is mat alteration of stabilizing stacking and edge-face 
intmCti0QS ^«ntiy affects approach of certain substrates to catalytic reaction 
centers. Due to the high dectronegariviry of fluorine, electron density in fluoronaphthyl 
rings * locoated at the periphery, nnher than m tb* center. The present invention will be 
Unstinted by examples such as preparation of enantiomerically pure fluorobinaphthol 
Hgands and their application in catalytic asymmetric processes. 

In one aspect of the invention there ia provided method of producing 
aSymmetriC P«»yfluotinated catalysts, comprising: fluorinating aromatic groups 
on binaphthol-based catalysts. 
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In another aspect of the invention there is provided a method of producing a 
family of polyfluoroaryl ligand catalysts, comprising: 

substituting at least one of the hydrogen atoms by fluorine (F) at any one of 
the 5PJSfi.7?AV positions of ^'-dihydroxy-V'-binaphthyl (BINOL). 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be exemplified, by way of example by disclosing the 
design a new family of polyfluoroaryl ligands that originate from 2^'-dfliydroxy-l,r- 
binaphthyi (BINOL. 1). a catalyst precursor of broad utility in asymmetric catalysis. 2 

□ Substitution of hydrogen atoms by fluorines at the 5, 5', 6, 6\ 7, T, 8, and 8« positions of 
BINOL has very small effect on the torsion angle but strongly affects distribution of 
electrons within the biaryl skeleton, which in turn greatly increases configuration^ 

i y stability of the corresponding enantiamers. 

□ -n,e inventors have reasoned that since the van der Waals radius of fluorine atom 
is about 0.21k larger than that of hydrogen atom, 4 the replacement of hydrogens for 

0 fluorines atthe 5. 5', 6, 6', 7, 7, 8, and 8' positions of BINOL may affect the torsion angle 

fcfceresuhtogS^o.W^ 

More importantly, considerable electronic perturbations would take place due to foe net 
effect of eight fluorine atoms. The electron-deficient nature of the aromatic rings in 2 
should result in its higher oxidative stability compared to 1 and increased acidity of foe 
hydroxyl groups which could potentially affect binding to metals and the corresponding 
substrates in foe FgBINOL-mediated reactions. 
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r— 3,R=H e f— S,R ,=: Me 

e U 4> R = B r e L- 2 ,R- = H 

•Key. {a> n-BuLi. ether. -78 °C: <b) 3-methoxytNopheoe. -78 °C to r.t; (e) NB8. acetonarite, 
r.L; (d) Cu°. 175 °C; (e) BBr* dichtoromethane. r.t 

m Replacement of aromatic hydrogens for fluorines is known to substantially 

S increase barriers to axial toraion in substituted biphenyls. For example, fluorination of the 

4 and 5 positions of 9J0Kiihydrophenanthrenc raises the torsion barrier from 4.1 to 10.3 
kcalAnol. 7 In order to estimate the effect ofpolyfluorination on atropisomerism in the 
ortafhic^l.l'-binapbihyl species we prepared racemic 5A7,8^cta£luoro-l,l'-binaphthyl 
6 and determined its X-ray structure. 8 We chose not to compare the torsion angles in the 
molecular structures of 1 and 2 due to the possibility of intramolecular OH-F hydrogen 
bonding in the crystal lattice that could have complicated direct comparison of geometric 
parameters. Remarkably, the torsion angle between the two tetrafluorinated naphthyl 
planes in 6 is only 0.7" larger than in the parent hydrido derivative (70.2° for octaflnoro- 
U'-binaphthyl vs 69.5° for U'-binaphthyl 9 ). To further understand atropisomerism in 2 
we investigated acid-promoted racemization of its (-) enantiomer. This process is known 
to operate tor 1. Remarkably, 2 remains optically active (99.9% «) after 24 hours in 
boiling THF/HC1 mixture, whereas 1 rapidly racemizes under these conditions! 
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Polyfluorination of ^ muUri is aOso known to decree pK* of b ound 
^^^^inco^of^ 

a^oni SaB odic^ ulnw ^ ra ^ oaw ^^ fc ^ to ^ 
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positive than that of binaphthyl by xV, a useful property for applications in oxidation 
catalysis. 

These results lead us to conclude that the effect of fluorine on the reactivity of 
F.BINOL will be primarily electronic in nature. The desired conformational flexibility, 
one of the most important characteristics of BWOL allowing it to coordinate a wide 
variety of metals, should be preserved. Remarkable configurations! stability of either 
enantiomer of 2 is perhaps its most valuable property. We are currently exploring the 
scope of the FgBINOL-derived asymmetric catalysts. The method of the present invention 
may be used to produce anew Generation ofFluorobinaphthyl Catalysts for several 
applications including but not limited to: asymmetric catalysis with main group elements, 
transition metal and lanthanide metals; asymmetric reagent with main group elements, 

5 transition metal and lanthanide metals; polymer supported catalysis; nncleophffic 

IS 

If, displacement of fluorine atoms to modify characteristics of molecule (resulting 

compounds could be used same manner as original compound); incorporation of 
molecule into crown ethers for development of phase transfer catalysts; use of compound 
for polymerization; asymmetric polymer supported electrochemical 
0 oxidation catalysis; as a chiral auxiliary in an asymmetric reaction; as a resolving agent 

for chiral compounds, mchiding but not limited to amines; asymmetric catalysis (reagent) 
in fluorous phase reactions; as a chiral stationary phase for HPLC and other 
chromatographic techniques; phase transfer catalyst between organic, fluorous phase and 
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alkali solutions. 

The foregoing description of the preferred embodiments of the invention has been 
presented to illustrate the principles of the invention and not to limit the invention to the 
particular embodiment illustrated. It is intended mat the scope of me invention be defined 
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by all of the embodiments encompassed within the following claims 
equivalents. 
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THEREFORE WHAT IS CLAIMED IS: 

1. A method of producing asymmetric polyfluorirvated catalysts, comprising: 
fluormating aromatic groups on binaphthol-based catalysts. 

2. A method of producing a family of polyfluoroaryl ligand catalysts, 
comprising; 

substituting at least one of the hydrogen atoms by fluorine (F) at any one of 
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' me 5^,6^,7,7,8,8' positions of 2^'-dihydroxy-l,l'-binaphfliyl (BINOL). 

3. A family of polyfluoroaryl ligands, comprising: 

ZZ'^hydroxy-lA'-bmaphthyl (BINOL) with at least one of the hydrogen 
atoms substituted by fluorine (P) at any one of the W Aft* W positions of me 



a 

^ BINOL. 

m 

0 4. The use of the family of polyfluoroaryl ligands comprising 2,2'-dmydroxy-U'- 

binaphthyl (BINOL) with at least one of the hydrogen atoms substituted by 
fluorine (F) at any one of the SPA#W*J* positions of the BINOL as 
fluorobinaphthyl catalysts for an application selected from the group 
consisting of asymmetric catalysis with main group elements, transition metal and 
lanthanidc metal*, asymmetric reagent with main group elements, transition metal 
and lanthanide metals, polymer supported catalysis, nucleopbilic displacement of 
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crown ethers for development of phase transfer . 



, incorporation of molecule into 
r catalysts, use of compound as a 
monomer for polymerization, asymmetrie polyxner supported deotrochemical 
oxidation catalysis, asacluralanx^ 

agent for chiral compounds, including but no. limited to amines, asymmetric 
catalysis (reagent) in ftuorous phase ^ a ^ ^ for ^ 

and other chromatognphi. techniques, and phase transfer catalyst between or^c, 
fluorous phase and alkali solutions. 
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6. Hw molecule according to claim S produced according to scheme I 



Scheme I 
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3.R=H 



I— -4.R=Br 




-Key. (a) irtuU. ether. -78 °C; (b) 3^tho^iopr.ene, -78 °C to r.t: (c) NBS. acetonitrUe, 
r.L; (q) Cu°. 175 °C; (e) BBr* afchloromethane. r.t 
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ABSTRACT 

The present invention relates to the design and method of synthesis of asymmetric 
catalysts and more particularly the present invention provides a new generation of 
polyfhiorinated catalysts. Fluoridation of aromatic groups on a series of ligands 
drastically changes their properties including configurational stability and catalytic 
activity. The fundamental issue is the nature of steric and electronic effects of aromatic 
fluorraation on binaphthol-based catalysts. The basic premise is that alteration of 
stabilizing stacking and edge-face interactions significantly affects approach of certain 
substrates to catalytic reaction centos. Due to me high electronegativity of fluorine, 
electron density in fluoronaphmyl rings is locoated at the periphery, rather than in the 
cents. 



It 



07x21 '99 16:32 



